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(57) ABSTRACT 
Electrostatic generators/motors designs are provided that 
generally may include a ?rst cylindrical stator centered about 
a longitudinal axis; a second cylindrical stator centered about 
the axis, a ?rst cylindrical rotor centered about the axis and 
located betWeen the ?rst cylindrical stator and the second 
cylindrical stator. The ?rst cylindrical stator, the second cylin 
drical stator and the ?rst cylindrical rotor may be concentri 
cally aligned. A magnetic ?eld having ?eld lines about par 
allel With the longitudinal axis is provided. 

10 Claims, 9 Drawing Sheets 
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ELECTROSTATIC GENERATOR/MOTOR 
CONFIGURATIONS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This is a continuation of US. patent application Ser. No. 
12/894,612, titled “Improved Electrostatic Generator/Motor 
Con?gurations,” ?led Sep. 30, 2010, incorporated herein by 
reference, Which is a continuation-in-part of US. patent 
application Ser. No. 11/932,329 titled “An improved Electro 
static Generator/Motor,” ?led Oct. 31, 2007, incorporated 
herein by reference, Which claims priority to US. Provi 
sional. Patent Application Ser. No. 60/971,186, titled “An 
Improved Electrostatic Generator/ Motor,” ?led Sep. 10, 
2007, incorporated herein by reference. US. patent applica 
tion Ser. No. 12/894,612 claims the bene?t of US. Provi 
sional Patent Application No. 61/366,293 titled “Method for 
Supporting Passive Magnetic Bearing and other Elements on 
the Expanding Inner Surface of a FlyWheel Rotor,” ?led Jul. 
21, 2010, incorporated herein, by reference. U. S. application 
Ser. No. 12/894,612 claims priority to US. Provisional No. 
61/314,467 ?led Mar. 15, 2010, incorporated herein by ref 
erence. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

The United States Government has rights in this invention 
pursuant to Contract No. DE-AC52-07NA27344 betWeen the 
US. Department of Energy and LaWrence Livermore 
National Security, LLC, for the operation, of LaWrence Liv 
ermore National Laboratory. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to electrostatic generators 

and motors, and more speci?cally, it relates to improvements 
in their con?gurations. 

2. Description of Related Art 
Early Work performed by John Trump examined theoreti 

cally and experimentally a neW form of electrostatic genera 
tor/motor that Was especially suitable for use in a vacuum 

environment. Sub sequent Workers employed his ideas in their 
designs. Trump’s generator/motor consisted of interleaving 
fan-like condenser plates, consisting of “stators” and 
“rotors.” The stator assembly Was supported on insulators, 
and the rotor “fans” Were mounted on a rotating shall. As the 
rotor rotated, the capacitance betWeen the stator and rotor 
Would vary betWeen a maximum value, When the blades Were 
directly opposite to each other, to a minimum value When the 
rotor blades faced the gaps betWeen the stator blades. In many 
of Trump’s generator/motors, “brushes” made contact With 
the rotor blade shaft to provide a means of electrical connec 
tion to the rotor blade assembly. 

To operate Trump’s devices as a generator, a potential Was 
established betWeen the stator and rotor by connecting them 
to a DC poWer supply through a high-resistance “charging 
resistor”. Once the condensers reached, the full electrical 
potential, no further charge Was draWn from the poWer supply. 
HoWever, When the rotor Was spinning the potential betWeen 
stator and rotor Would have an alternating current component, 
as a natural consequence of the time variation of the capaci 
tance, as given by the equation: 
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Where QO (coulombs) is the (?xed) charge on the condenser, 
and C[t] (farads) is the capacity of the time-varying capacitor. 
The time-variation of capacity of an actual fan-like capacitor 
made up of a stationary and a rotating set of sector plates can 
be modeled reasonably Well by the expression: 

Where CO is the value of the capacity of the condenser at its 
maximum, and u) is the angular frequency of variation of the 
capacity as it cycles betWeen its maximum and its minimum 
value. 

Inserting Eq. 2 into Eq. 1, one can calculate the variation in 
potential for a given set of values for Q0, CO, k, and u). If We 
take QO:VOC[0] as the initial charge (at t:0, a time When the 
capacity has its maximum value), then We may plot the poten 
tial across the capacitor as a function of time (in the absence 
of any loads connected to its terminals. A large AC compo 
nent is superposed on the DC level. It is desirable to make 
optimum use (both electrically and geometrically) of this 
driver in order to maximiZe the poWer output of the generator. 
As Will be shoWn, the special rotor-stator con?gurations and 
circuits that are the subject ofthis disclosure represent a major 
improvement over the simple con?gurations studied by 
Trump and by others folloWing him. 

SUMMARY OF THE INVENTION 

The invention has general applicability to devices that need 
improved electrical standoff capability. Exemplary embodi 
ments include electrostatic generators and electrostatic 
motors. These devices generally include a ?rst cylindrical 
stator centered about a longitudinal axis; a second cylindrical 
stator centered about the axis, a ?rst cylindrical rotor centered 
about the axis and located betWeen the ?rst cylindrical stator 
and the second cylindrical stator. The ?rst cylindrical stator, 
the second cylindrical stator and the ?rst cylindrical, rotor are 
concentrically aligned. A magnetic ?eld having ?eld lines 
about parallel With the longitudinal axis is provided. 
Many variations of the general embodiment are provided. 

The device can be located inside or outside of an evacuated 
enclosure. The ?rst cylindrical stator, the second cylindrical 
stator and the ?rst cylindrical rotor can each comprise ele 
ments having thicknesses that vary periodically With aZimuth 
and these elements can have a shape having no sharp comers. 
The ?rst cylindrical stator, the second cylindrical stator and 
the ?rst cylindrical rotor can each be made of electrically 
conductive material. The ?rst cylindrical stator and the sec 
ond cylindrical stator can each be positively or negatively 
charged and the ?rst cylindrical rotor can be electrically 
grounded. A solenoid coil that is coaxial With said longitudi 
nal axis may be used to provide the magnetic ?eld and the coil 
may be a superconducting coil. At least one of the ?rst cylin 
drical stator, the second cylindrical stator and the ?rst cylin 
drical rotor may include dielectric material. 

Another general embodiment of the invention is a method 
for operation of the elements and variations listed in the 
immediately preceding paragraph. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying draWings, Which are incorporated into 
and form a part of the disclosure, illustrate embodiments of 
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the invention and, together With the description, serve to 
explain the principles of the invention. 

FIG. 1 shoWs a schematic drawing of a present rotor spoke 
assembly. 

FIG. 2 shoWs a schematic drawing of a present stator spoke 
assembly. 

FIG. 3 shoWs a side vieW of a portion of a rotating capacitor 
formed of corrugated metal sheets in the position of maxi 
mum capacity. 

FIG. 4 shoWs a side vieW of a portion of a rotating capacitor 
formed of corrugated metal sheets in the position of minimum 
capacity. 

FIG. 5 shoWs a slotted clamping ring and a sector of a 
supported element. 

FIG. 6 is a plot of Critical voltage vs. magnetic ?eld as 
calculated from Equation 3, for a gap of 10.0 mm. 

FIG. 7 shoWs comparison plots for the non-relativistic 
magnetron cutoff equation (upper plot) and the relativistic 
form of the magnetron cutoff equation (loWer curve). 

FIG. 8 illustrates a rippled conductor surface With super 
posed plot of magnetic ?eld lines of a Halbach array located 
beloW the surface of the conductor. 

FIG. 9A shoWs a section of a conductor array that simulates 
a Halbach array. 

FIG. 9B shoWs the section of a conductor array of FIG. 9A 
aligned With the rippled conductor surface of FIG. 8. 

FIG. 10 shoWs a plot of one component of magnetic ?eld 
produced by the conductor array shoWn in FIG. 9A. 

FIG. 11A shoWs an end vieW of an embodiment of nested 
metallic cylinder. 

FIG. 11B shoWs an end vieW of an embodiment, of nested 
metallic cylinder. 

FIG. 12 shoWs a plot of the relativistic magnetron cutoff 
voltage as a function of magnetic ?eld, for the case of a gap of 
2.5 mm. 

DETAILED DESCRIPTION OF THE INVENTION 

Embodiments of the electrostatic generator/motor of US. 
patent application Ser. No. 11/932,329 include several, geo 
metrical, con?gurations for the variable condenser element of 
the generator/motor. The present invention includes neW con 
?gurations for that element. These con?gurations have 
important advantages in terms of electrical performance, 
mechanical rigidity and simpli?ed construction. 
One embodiment of the neW con?guration has rotor and 

stator elements that have a shape that increases the element’ s 
standoff voltage. Exemplary shapes are tubes or rod and 
exemplary cross-sections of the shapes may be circular or 
elliptical. The variable condenser of the generator/motor is 
made up of successive layers of these rods or cylinders 
arranged in a form resembling the spokes on a Wheel FIG. 1 
depicts an exemplary rotor of the present invention and 
includes rotor elements, as exempli?ed by element 10, (Which 
can be, e.g., rods or tubes) supported by a support structure 
12. FIG. 2 depicts an exemplary stator of the present invention 
and includes stator elements, as exempli?ed by element 14, 
supported by a central support structure 16. Stator elements 
14 can be con?gured, e.g., as metallic rods or tubes. A basic 
con?guration of an electrostatic generator/motor according to 
the present invention begins With a stator at the bottom of the 
stack. As shoWn in FIG. 2, the stator is supported by an inner 
structure. The next layer above the bottom stator is a rotor 
having the outer ends of its rotor elements (spokes) mechani 
cally secured by support structures on the inner surface of a 
cylinder, eg the inside surface of a ?yWheel rotor made of 
?ber composite. Such a support structure is illustrated In FIG. 
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4 
1. The next layer up Would be another stator, and so forth. 
Electrical connections can be made to each of the stationary 
spokes to charge them so as to either extract poWer When the 
system is in a generator mode, or to provide electrical drive 
poWer When the system is in a motor mode. In exemplary 
applications of the invention, all of the spokes of a given 
stationary layer Would be charged, to a given potential With 
stationary layers above and beloW that layer either grounded 
or charged to an opposite-sign potential. This charging pat 
tern Would eliminate spoke-to-spoke potential differences for 
any given stationary layer. An alternative charging pattern 
Would be for the spokes of each stationary layer to be charged 
alternately positively or negatively, With the corresponding 
spokes of the stationary layer above and beloW this layer 
being charged alternately negatively and positively. In this 
Way the rotating spokes pass alternately through regions With 
upWard and doWnWard directed electric ?elds. This altemat 
ing gradient action inhibits the build-up of static charges on 
the rotating rods, Which are insulated from electrical contact 
With ground. In some embodiments, the potential of a rotor is 
alloWed to ?oat. The electrical connections and charging pat 
terns provided herein are exemplary and not limiting. 

In addition to advantages of a mechanical nature there are 
other advantages of the rod/tube geometry. As described in 
Alston’s book on high voltage technology, the voltage-hold 
ing ability betWeen rods With a circular cross-section is 
enhanced over What it Would be if the electrodes Were planar. 
From the data presented in Alston, at a gap of 0.5 mm, the 
breakdoWn voltage betWeen tWo electrodes having a radius of 
curvature of 6 mm is about 60 kilo volts, compared With the 
breakdoWn voltage of 45 kilovolts betWeen tWo near-planar 
surfaces. Since the poWer output of an electrostatic generator 
varies as the square of its operating voltage, the ratio of 
poWers for this example Would be 16/9, i.e., 167 percent. 
A computer code has been Written to calculate the capacity 

maximum for the structure shoWn in FIG. 1. Calculations 
Were performed With this code for a set of dimensions appro 
priate for a 5 KWh ?yWheel rotor fabricated from E-glass 
?ber composite. The ?yWheel rotor inner radius Was 0.225 
meters, and the inner radius of the array of rotating rods (or, 
e.g., tubes) Was taken to be 0.10 meters, so that their length 
Was 0.125 meters. The diameter of the rods (or tubes) Was 10 
mm. At the inner edge of each layer of rods/tubes the spacing 
betWeen adjacent rods Was also taken to be 10 mm, so that 
there Were 31 rods in each layer. The number of vertical cell 
layers Was then equal to 1 1. The total rod/cell count Was 713. 
With these parameters the code predicted a maximum capac 
ity value of 0.00 1 34 mfd. The maximum rotation speed, of the 
?yWheel rotor Was 20,000 RPM so that the output frequency 
of the generator, being the product of the number of rods/ 
tubes per layer multiplied by the revolutions per second of the 
rotor, Was approximately 10 kHZ. When these tWo numbers 
Were introduced into our electrostatic generator code, the 
predicted output poWer Was 5 kW at a conservative voltage 
per-gap of 20 killovolts. For bulk storage applications, this 
level of poWer is more than adequate for a 5 kWh storage 
module. The predicted e?iciency of the generator itself Was 
0.99, not counting the (typically small) losses in the recti?ers 
and inverter required to produce 60 HZ output. 
The description of the invention up to this point has 

assumed that each one of the rods/tubes of the generator/ 
motor is made of metal. There could be cases Where it Would 
be advantageous for mechanical or electrical reasons to 
replace the metallic rod/tube rotating arrays by rods/tubes 
made of a dielectric material, such as is the case in examples 
in US. patent application Ser. No. 11/ 932,329, incorporated 
herein by reference. Similar calculations could be performed 
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for such cases, Which, by their nature Would, yield somewhat 
lower maximum capacity values. Another variation on this 
theme Would be to use metallic rods/tubes but to cover either 
the rotating arrays or the stationary arrays (or both) With a 
layer of insulating material. The presence of such coatings 
could have the effect of increasing the voltage-breakdoWn 
limit of the system. At typical thicknesses of such layers, their 
presence should have a minimal effect on the capacity maxi 
mum of the system. 
An alternate Way to construct a condenser characteriZed by 

curved surfaces moving With respect to one another is to form 
corrugated surfaces of thin annular discs made of, e. g., stain 
less steel sheet. These discs are assembled to form the con 
denser by stacking alternating layers of stationary and rotat 
ing discs. FIG. 3 shoWs one cell of such an array, in the 
position of maximum capacity betWeen the upper stationary 
disc 20 and the loWer stationary disc 22 and the rotating disc 
26 betWeen them. FIG. 4 shoWs the rotating disc 30 displaced 
in phase to the position of minimum capacity, With respect to 
upper stationary disc 32 and loWer stationary disc 34. The 
capacities and capacity ratios can be calculated in the same 
Way that the capacities of the rod system Were calculated. 
Some embodiments of this invention mount the compo 

nents of an electrostatic generator on a support surface that is 
in contact With the inner surface of the ?yWheel rotor Which 
expands outWardly as a result of centrifugal forces. The sup 
port system must be capable of accommodating to this expan 
sion Without subjecting the supported elements to aZimuthal 
tensile forces that could rupture them and Without materially 
affecting the balance of the rotor. 
As shoWn in FIG. 5, the concept involves tWo speci?c 

design features. The ?rst of these is to separate the supported 
elements into a number of pie-shaped sectors, as exempli?ed 
by the single element 40, so that no hoop tension can develop 
Within the array as the ?yWheel rotates. In order to form the 
entire array these sectors are then attached at their outer edges 
to a support 42 (e.g., clamped betWeen tWo clamping rings) 
that is in supported radially by the inner surface of the ?y 
Wheel rotor. This support is partially cut through, one cut 44 
from the outside in, and the second adjacent cut 46 from the 
inside out, at aZimuthal positions corresponding to the edges 
of the sectors that are supported. In this Way the support is 
able to expand radially While still supporting the sectors in a 
Way that alloWs only radially directed forces to be exerted on 
them so that there is no need for the sectors to expand aZi 
muthally in order to accommodate to the increasing inner 
circumference of the ?yWheel rotor or the clamping rings. In 
actual practice, the calculated Increase in radius of a typical 
?yWheel rotor Would be of the order of a centimeter or tWo. If 
the number of sectors is suf?ciently large, the ?exing of the 
stress-relieving cuts in the clamping rings Would be small 
enough to avoid failure of the bridging strips from metal 
fatigue. 

If the stress-relieving cuts are ail made With the same depth 
and spacing, the expansion of the support (e. g., clamping 
rings) Will not appreciably effect the rotor balance as it speeds 
up, since the radial displacement of each of the sector regions 
Will, then be closely the same. In the case of the elements of 
the passive magnetic bearing, expansion of the rotor Will lead 
to the appearance of a small gap betWeen adjacent sectors. 
Since there Will be many sectors involved these gaps Will be 
very small and should have a negligible in?uence on the 
performance of the bearing element. A similar comment 
applies to the sectors of the electrostatic generator/motor 
assembly. 
Some embodiments of the invention further include tech 

niques for increasing voltage gradient breakdoWn limits 
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6 
betWeen conductors in a vacuum. Examples usable in the 
present invention folloW a preliminary discussion. 

There are many situations in high-voltage electrical tech 
nology Where it is important to operate in vacuo at very high 
electric held, gradients. The limits on the held gradient are 
imposed by the need, to avoid electrical breakdoWn betWeen 
the conducting surfaces. Improved means for increasing the 
ability of charged electrodes in a vacuum to Withstand higher 
voltages betWeen them is provided. The neW concepts 
described are based on an older concepti“magnetic insula 
tion”ibut employ neW embodiments of electrodes and mag 
netic ?elds With special shaping of both the electrode surfaces 
and the magnetic ?eld lines. They also involve neW applica 
tions of the concept that can act to enhance the performance of 
high-voltage electrical machinery. 

In vacuo, the electrical breakdoWn process can be 
described as a self-perpetuating avalanche of counter-?owing 
electrons and ions betWeen the tWo conducting surfaces 
across Which the electrical gradient occurs. A simpli?ed 
description of such an avalanche is the folloWing; In the 
presence of the high ?eld gradient an ion may be released 
from the positively charged surface. This ion Will then be 
accelerated by the ?eld gradient and Will subsequently impact 
the negatively charged electrode, releasing secondary elec 
trons. These electrons Will then be accelerated hack across the 
gap, impacting the positively charged electrode, releasing 
more ions, and thus giving rise to a cascade of counter 
?oWing electrons and ions, i.e., to electrical breakdown. 
As is Well knoWn, in the presence of a suf?ciently strong 

magnetic ?eldparallel to the surface of the negatively charged 
electrode (from Which the electrons are emitted in an ava 
lanching electrical discharge in a vacuum), any electrons 
leaving the surface Will have their orbits turned back toWard 
the surface, thus preventing the development of an avalanch 
ing electrical, breakdoWn. The equation describing this effect, 
called the “magnetron, cutoff equation/ ” has the form given in 
Equation 1. 

(3) 
van = écifwsy Volts 

Here qfelectronic charge, Coulombs, mfmass of the 
electron, kilograms. The strength of the magnetic ?eld is B 
(Tesla), and the inter-electrode gap:s (meters). 

FIG. 6 shoWs a plot of this critical voltage (in MV) vs 
B(Tesla), as calculated from Equation 3, for the case Where 
s:l0.0 mm. 

As can be seen, at magnetic ?elds larger than about 0.5 
Tesla the critical voltage is in excess of 1.0 million Volts. 
Since the energy-equivalent of the rest mass of the electron is 
0.511 MeV, from FIG. 6 it can be inferred that it is necessary 
to consider relativistic effects in calculating the critical volt 
age at magnetic ?elds in excess of about 0.3 Tesla. A relativ 
istic formulation of the cutoff condition has been made in 
order to determine the magnitude of the correction to the 
non-relativistic Equation 3. FIG. 7 compares the results 
shoWn in FIG. 6 (upper curve) With those obtained from the 
relativistic formulation. 

Although the cutoff values calculated from the relativistic 
formulation of the magnetron cutoff equation are substan 
tially loWer than the non-relativistic values, they are still very 
high at ?elds of order 1 Tesla or greater. Speci?cally, holding 
off electric potentials of order 5 million volts over a gap of 10 
millimeters, corresponding to a gradient of 500 million volts 
per meter, is substantially in excess of the breakdoWn gradi 
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ents typical of those encountered With vacuum-insulated 
electrodes in the absence of a magnetic ?eld. Some novel 
embodiments of magnetic insulation are discussed, infra. 

There are situations Where it is required to suppress elec 
trical breakdown in vacuum betWeen, conducting surfaces the 
dimensions of Which are large enough to make it dif?cult to 
employ the concept of magnetic insulation. An example of the 
use of magnetic insulation is the use of external magnet coils 
to create strong magnetic ?elds the ?eld lines of Which are 
everywhere parallel to the conducting surfaces, as required in 
order to take advantage of the magnetron-cutoff effect. Ide 
ally, much Would be gained if the desired result could be 
obtained by using permanent-magnet elements to create the 
required magnetic ?eld. The problem to be solved in this case 
is hoW to create a situation Where the ?eld lines produced by 
the permanent magnets have essentially the same geometrical 
con?guration as the conducting surface. This problem can be 
solved in the folloWing Way: First, the conducting surface is 
accordion-like in that it is formed With a periodic Wave-like 
pattern of ridges and troughs. Second, the magnetic blocks of 
Halbach arrays are nested into the back surface of the con 
ductor. By design the magnetic ?eld lines of the Halbach 
arrays are made to conform (except at the bottom of the 
troughs) to the rippled conductor surface. The electric ?eld 
that exists at the conductor surface has it maximum values at 
the peak of the ridges, falling to much smaller values at the 
bottoms of the troughs. In this Way all parts of the conducting 
surface that are exposed to high electric ?elds because of the 
presence of oppositely charged adjacent conducting surfaces 
Will be able to take advantage of the magnetron-cutoff sup 
pression of electrically breakdoWn. 

FIG. 8 illustrates the situation described above, as depicted 
by a rippled conducting surface 50 plotted together With the 
calculated ?eld lines 52 from a Halbach array located at the 
back surface of the conductor. 

Using this technique localiZed magnetic: ?elds With ?eld 
lines nearly parallel to the conducting surface (except at the 
bottoms of the trough, Where the electric ?eld is much smaller 
than at the ridges) are created. Approximate calculations 
based on the use of the relativistic magnetron-cutoff equation 
indicate that electric potentials of one million volts or more 
could be sustained betWeen tWo closely spaced large-area 
conducting surfaces When high-?eld (e.g., NdPeB) perma 
nent magnets are used in the Halbach arrays behind the sur 
faces. 
Among the possible applications of the above-described 

concept are its use in particle accelerators and in HCDC 
transmission lines. 

U.S. patent application Ser. No. 11/ 932,329 titled “An 
Improved Electrostatic Generator/Motor,” as Well as the 
present disclosure have described neW con?gurations of elec 
trostatic generators that opens up neW possibilities for this 
type of generator. In employing this neW con?guration, to 
generate output voltages and poWers at the levels needed for 
HVDC transmission, the electric ?elds betWeen the rotating 
and stationary components of these generators may become 
very high, i.e., of order millions of volts per centimeter. In 
order to operate successfully at such voltages it Would be 
highly advantageous to employ the magnetic insulation con 
cept in the generator. Again, the requirement is that the mag 
netic ?eld lines needed to achieve magnetic insulation must 
be directed parallel to the conducting surfaces. Since these 
surfaces are disc-like in the generators of Us. patent appli 
cation Ser. No. 1 1/ 932,329, this means that the magnetic ?eld 
must have only radial or aZimuthal components. An example 
method for creating strong ?elds having only aZimuthal or 
radial components at the generator electrodes is provided 
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8 
When the magnetic ?eld from a DC current in a cylindrical 
array of superconductors is located near the axis of rotation of 
the generator. For example, a total current of 2.5 megamperes 
?oWing in such an array of longitudinal conductors Will pro 
duce a magnetic ?eld of 1.0 Tesla at a radial distance of 0.5 
meters from the axis. FIG. 7 shoWs that the relativistic mag 
netron-cutoff equation predicts that a potential of about 2.5 
million volts could be maintained betWeen adjacent planar 
conductors in the presence of such a magnetic ?eld. Another 
example method for creating strong ?elds having only aZi 
muthal or radial components at the generator electrodes is 
provided When the magnetic ?eld from an exterior Halbach 
array-like magnetic ?eld is produced by an array of axially 
oriented pairs of conductors each pair of Which produces a 
dipole ?eld approximating that produced by a single block of 
permanent-magnet material. FIG. 9A shoWs an example of 
such an array of conductors 60, and FIG. 10 shoWs a plot of 
one component of the ?eld, together With the equivalent 
Bremanem associated With that array. FIG. 9B shoWs the sec 
tion of a conductor array 60 of FIG. 9A aligned With the 
rippled conductor surface 50 of FIG. 8. The conductor array 
60 is oriented as shoWn With respect to rippled conductor 
surface 50 to achieve the correct alignment of the calculated 
?eld lines 52 With the rippled surface 50. For axially oriented 
conductors only radial and aZimuthal ?eld components Will 
be generated. The Wavelength of the Halbach array (four 
periods of the conductor array) canbe chosen so as to produce 
the desired level of ?eld at the generator electrodes. 
A technique for magnetic insulation of charged conductors 

in vacuo includes a means for producing the insulating effect 
over a large area of conductor surface Without the need for 
generating the ?elds by using conventional magnet coils. 
These Would necessarily have to be of large siZe and Would 
require large currents to create the required ?elds. Further 
more, unless the high-voltage conductor con?guration has a 
geometry that is consistent With the ?eld-line direction of the 
magnetic ?eld (i.e., one Where the ?eld lines at the surface of 
the conductor lie parallel to the surface) no coil con?guration 
Would be able to produce the necessary ?eld. The invention 
consists of shaping the surface of the charged conductors to 
correspond as closely as possible to the ?eld con?guration 
that is generated by a Halbach array located at the backside of 
the charged conductor surface Where breakdoWn is to be 
avoided. 

Another technique for magnetic insulation of charged con 
ductors in vacuo is aimed at the objective of enhancing the 
performance of the neW breed of electrostatic generator/mo 
tor described in Us. patent application Ser. No. 11/932,329 
titled “An improved Electrostatic Generator/Motor,” ?led 
Oct. 31, 2007, incorporated herein by reference. Here several 
possible Ways of generating the required magnetic ?elds are 
provided. The invention thus consists of combining the neW 
E-S generator/motor con?guration With means to employ 
magnetic insulation in order to increase the voltage levels at 
Which the generator/motor can operate. 
An alternate geometrical con?guration improves voltage 

breakdoWn suppression While at the same time simplifying 
the magnet coil system that generates the magnetic ?eld. 
One embodiment consists of nested metallic cylinders, 

divided into stationary and rotating ones. The cylinder groups 
are cantilevered from, support structures at their ends. Both 
the rotating group and the stationary group consist of cylin 
ders the thickness of Which varies periodically With aZimuth. 
An end vieW of such a cylinder 70 is shoWn schematically in 
FIG. 11A. FIG. 11B shoWs an end vieW of an embodiment 
With a rotor 80, an inner stator 82 and an outer stator 84. The 
larger and smaller parts of the cylinders shoWn in FIGS. 11A 
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and 11B can be formed, e. g., from a single metal cylinder. In 
an actual embodiment the comers of the thick lands can be 
rounded to avoid ?eld-enhancement effects that occur at 
sharp edges in charged conductors. FIG. 11B illustrates an 
embodiment having rounded corners. 

Outside and inside of each of the above-described rotating 
cylinders are stationary cylinders the thickness of Which var 
ies With the same periodicity as that of the rotating group. 
Thus, considering a typical, group of three of the cylinders, 
the inner and outer cylinders Would be stationary While the 
one betWeen them, Would be rotating. As this middle cylinder 
rotates its thickened portions Would alternately become 
aligned With the thickenedportions of the stationary cylinders 
lying just inside and just outside it (the aZimuthal position of 
maximum capacity), or they Would be aligned With the thin 
ner portions of the stationary cylinders (minimum capacity). 
In another embodiment, the rotating cylinder Would be made 
of dielectric material, rather than metal. The entire assembly 
Would consist of a number of concentric cells of the type 
described, except that it should fee noted that the inner, sta 
tionary cylinder of one such cell Would also be the outer 
stationary element of the cell inside the given cell, and vice 
versa. In a high-poWer generator/motor, several such concen 
tric cells can be employed. 

Electrically, if they are made of conducting material, the 
rotating cylinders Would be grounded electrically (either 
capacitively or With electrical brushes), While the stationary 
cells Would be charged positively or negatively. The result 
Would therefore be to create a set of tWo time-varying capaci 
tors having common grounded electrodes. If desired, the aZi 
muthal orientation of alternate sets of the stationary cylinders 
couldbe displaced in phase relative to each other, for example 
by 180 degrees, thus displacing the maximum and minimum 
capacity values of the capacitor pairs by half a period. 

The capacitor geometry just described has been chosen 
speci?cally in order to use strong magnetic ?elds Whose 
direction is tangent to the conducting surfaces of all the 
capacitor electrodes in order to greatly increase the inter 
electrode breakdoWn voltage. In the case described for FIG. 
11B, a solenoid coil 86 (shoWn in end vieW) that is coaxial 
With the axis 88 of the generator/motor can generate the 
required magnetic ?eld. The solenoid coil Would typically be 
located outside the vacuum enclosure. Note that if supercon 
ducting coils are employed, they might be located inside the 
chamber to facilitate the implementation of the required cryo 
genics. 

In these embodiments, it Would be relatively straightfor 
Ward to maintain magnetic ?elds of 2 Tesla or more Within the 
generator/motor. In such cases the inter-electrode gaps at 
their minimum points (i.e., When the thickened portions of 
both the rotating and the stationary cylinders are aligned 
aZimuthally) could be quite small, even When the potentials 
Were very high, e. g., 500 kV, as appropriate for HVDC poWer 
transmission. 
As an example, FIG. 12 shoWs a plot of the relativistic 

magnetron cutoff voltage as a function of magnetic ?eld, for 
the case of a gap of 2.5 mm. As can be seen from the plot, at 
a ?eld of 2.0 Tesla, the cutoff voltage is approximately 1.0 
MV. 
As suggested by the numbers above, this neW electrostatic 

generator/motor con?guration can be designed to deliver its 
poWer at voltages appropriate to HVDC transmission. Thus 
the AC output of the generator, typically delivered at kilohertZ 
frequencies, Would be recti?ed using solid-state recti?er 
stacks, to produce a HVDC output at poWer levels of order 
tens or hundreds of megaWatts. This output could then be 
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10 
directly connected to a HVDC transmission line, With no need 
for transformer banks at the poWer station. 

In addition to the use of the above-described system as a 
generator, the same con?guration could be operated as a 
motor. This neW electrostatic motor could replace high-horse 
poWer electric motors of the conventional electromagnetic 
type (e.g., induction motors) by a motor ef?ciency of Which 
could be substantially higher than that of conventional 
motors. In an electrostatic motor, the e?iciency of the motor 
itself approaches 100 percent, so that the only signi?cant 
source of ine?iciency Would be that associated With the poWer 
electronics required to drive it. Using modern solid-state 
components, the conversion, ef?ciencies (from 60 HZ AC or 
DV to motor frequencies) can be very high. 

In summary, some embodiments of the present invention 
include a neW con?guration for an electrostatic generator/ 
motor that uses simple solenoidal coils to generate a strong 
magnetic ?eld the ?eld lines of Which are directed parallel to 
the surface of the electrodes of the E-S generator/motor. 
These con?gurations provide a better means to implement the 
magnetic suppression of electrical breakdoWn betWeen the 
rotating and stationary elements of the generator/motor, even 
at potentials of order 500 kV, as typical of those used in 
HVDC transmission line systems. 
The foregoing description of the invention has been pre 

sented for purposes of illustration and description and is not 
intended to be exhaustive or to limit the invention to the 
precise form disclosed. Many modi?cations and variations 
are possible in light of the above teaching. The embodiments 
disclosed Were meant only to explain the principles of the 
invention and its practical application to thereby enable oth 
ers skilled in the art to best use the invention in various 
embodiments and With various modi?cations suited to the 
particular use contemplated. The scope of the invention is to 
be de?ned by the folloWing claims. 

I claim: 
1. An apparatus comprising: 
a ?rst cylindrical stator centered about a longitudinal axis; 
a second cylindrical stator centered about said axis; 
a ?rst cylindrical rotor centered about said axis and located 

betWeen said ?rst cylindrical stator and said second 
cylindrical stator, Wherein said ?rst cylindrical stator 
and said second cylindrical stator and said ?rst cylindri 
cal rotor are concentrically aligned, Wherein said ?rst 
cylindrical stator comprises a ?rst plurality of periodi 
cally spaced elements, Wherein said second cylindrical 
stator comprises a second plurality of periodically 
spaced elements and Wherein said ?rst cylindrical rotor 
comprises a third plurality of periodically spaced ele 
ments; and 

a solenoid coil that is coaxial With said longitudinal axis 
and con?gured for providing a magnetic ?eld having 
?eld lines about parallel With said longitudinal axis. 

2. The apparatus of claim 1, Wherein each element of said 
?rst plurality and said second plurality and saidthird plurality 
has a thickness that varies With aZimuth. 

3. The apparatus of claim 2, Wherein said each element 
comprises a shape having no sharp comers. 

4. The apparatus of claim 1, Wherein said ?rst cylindrical 
stator, said second cylindrical stator and said ?rst cylindrical 
rotor each comprise electrically conductive material, said 
apparatus further comprising means for positively or nega 
tively charging said ?rst cylindrical stator and said second 
cylindrical stator, said apparatus further comprising means 
for electrically grounding said ?rst cylindrical rotor. 

5. The apparatus of claim 1, Wherein said solenoid coil 
comprises a superconducting coil. 
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6. The apparatus of claim 1, wherein at least one of said ?rst 
cylindrical stator, said second cylindrical stator and said ?rst 
cylindrical rotor comprises dielectric material. 

7. A method, comprising: 
providing a ?rst cylindrical stator centered about a longi 

tudinal axis; 
providing a second cylindrical stator centered about said 

axis; 
providing a ?rst cylindrical rotor centered about said axis 

and located betWeen said ?rst cylindrical stator and said 
second cylindrical stator, Wherein said ?rst cylindrical 
stator and said second cylindrical stator and said ?rst 
cylindrical rotor are concentrically aligned, Wherein 
said ?rst cylindrical stator comprises a ?rst plurality of 
periodically spaced elements, Wherein said second 
cylindrical stator comprises a second plurality of peri 
odically spaced elements and Wherein said ?rst cylindri 
cal rotor comprises a third plurality of periodically 
spaced elements; 

5 

12 
providing, from a solenoid coil that is coaxial With said 

longitudinal axis, a magnetic ?eld having ?eld lines 
about parallel With said longitudinal axis; and 

rotating said rotor about said axis. 

8. The method of claim 7, Wherein each element of said ?rst 
plurality and said second plurality and said third plurality has 
a thickness that varies With aZimuth. 

9. The method of claim 7, Wherein said ?rst cylindrical 
stator, said second cylindrical stator and said ?rst cylindrical 
rotor each comprise electrically conductive material, said 
method further comprising positively or negatively charging 
said ?rst cylindrical stator and said second cylindrical stator, 
and electrically grounding said ?rst cylindrical rotor. 

10. The method of claim 7, Wherein at least one of said ?rst 
cylindrical stator, said second cylindrical stator and said ?rst 
cylindrical rotor comprises dielectric material. 

* * * * * 


